Lung abscess occurring in association with bronchial carcinoma often presents difficulties in diagnosis. The underlying malignant disease may easily be overlooked and valuable time may be lost, so that, when eventually the malignant nature of the condition becomes apparent, radical treatment is no longer possible. The frequency with which these cases are wrongly diagnosed as simple or tuberculous cavities has prompted us to review all the cases of neoplastic abscess seen in the Newcastle-upon-Tyne Regional Thoracic Surgery Centre over the last 12 years. From 1940 to 1951 70 cases of neoplastic abscess were admitted to the clinic, and this paper reports the results of our study of these cases and discusses the main problems encountered in diagnosis. Our criterion in selection was a radiological one, and only those cases of bronchial carcinoma presenting clear evidence of cavitation or abscess formation on a chest radiograph were included in the series.
INCIDENCE
It is not common for a bronchial carcinoma to present with the appearance of a lung abscess. The 70 cases were selected from a series of 1,930 cases of bronchial carcinoma admitted to the clinic during this period, an incidence of 3.6 %. The incidence of abscess formation in necropsy series of bronchial carcinoma is, not unnaturally, higher, varying from 12% to 29% (Fishberg and Rubin, 1929; Maxwell, 1930; Jaffe, 1935; Arkin and WA'agner, 1936; Strang, 1949) . Necrosis of tumour tissue is often a terminal event, and section of the lung will reveal many cases of cavitation which would not show on radiography.
When one considers the causation of lung abscess, however, bronchial carcinoma ranks fairly high as an aetiological factor. Thus, in a study of 405 cases of lung abscess, Brock (1948a) found that bronchial carcinoma was the cause in 56 cases, an incidence of 13.8%, and he points out how much more important it is in causation than better-described conditions such as inhaled foreign body. Maxwell (1934) studied the necropsy findings in 315 cases of lung abscess and found a bronchial carcinoma in 34 of these (10.8%).
The sex incidence shows an even more striking preponderance of males than is usually reported in bronchial carcinoma. The 70 cases were comprised of 67 males and three females. The age incidence is shown in Table I . Fishberg and Rubin (1929) necropsy showed the gross pathology of simple lung abscess, and it was only after a microscopic study of the cavity wall that its neoplastic origin became apparent.
In a necropsy series of 100 cases of bronchial carcinoma examined by one of us (C.S.) at the Royal Victoria Infirmary, Newcastle-upon-Tyne, there were 19 cases with abscess formation, in nine of which the cavitation was multiple. Two of these abscesses were so extensive that they replaced an entire lobe of the lung, though the size of the abscess was not necessarily related to the extent of the tumour. In one case the primary growth was not more than 1 cm. in diameter, where it bulged into the lumen of the lower lobe bronchus, but it had produced a completely consolidated lobe with a large central abscess. The abscess contents in these cases were pus, bloodstained fluid, and necrotic tumour tissue, which, in several, was black and foul-smelling. Extension of the infection beyond the confines of the lung is a constant danger; in seven of the cases an empyema had developed, and, in one, central extension of the infection had caused a suppurative mediastinitis.
An abscess may develop in a distant segment of *the lung or in the contralateral lung due to aspiration of infected material from the primary growth. This method of origin, however, appears to be much less frequent than those already described, and was witnessed in only one case of the present series. 
,
The squamous-cell type of neoplasm has a marked tendency to spread locally, and extrathoracic metastases are much less common than in the more undifferentiated tumours. It is also more prone to occur in the older patient and its progress may be relatively slow. For instance, in the 11 cases of lung cancer with a duration of more than two years reported by Goldman (1942) , a squamous-cell type was found in 10 cases. The incidence of local pulmonary complications is thus higher when the tumour is of this type, and abscess formation is more liable to occur. In the series of 100 cases examined at necropsy, only 12 of the cases were of the squamous-cell type, but abscesses were present in six of these. In a similar series of necropsy cases Koletsky (1938) found 40 examples of squamous-cell carcinoma, of which 13 had broken down to form abscesses. Gray, Fryfogle, and Good (1951) reported 22 Fetid sputum was commoner in the cases of simple lung abscess (Table IV) .
The sputum was examined for tubercle bacilli in each of the 70 neoplastic cases at least five times, and also in some cases after concentration, by culture, and guinea-pig inoculation. The results were negative in every case, and, particularly in those cases where the radiological The sputum in these cases was usually copious and purulent, and in several it was frankly fetid. The average quantity raised daily was 2-5 oz., but 13 patients raised more than an average of 5 oz. daily, while in 10 cases the average quantity was less than 2 oz. The bacteriology of the sputum indicated a mixed infection in the majority of cases. The production of these large amounts of sputum probably indicated that gross destruction of tumour tissue was taking place, and it is interesting to note that the average quantity of sputum in the simple lung abscess cases was much less and only two of them produced more than 5 oz. daily. Sutherland and Grant (1950) believe that simple lung abscesses will respond to postural drainage and penicillin given in sufficient dosage. In the 30 cases of simple abscess selected for study, 21 resolved satisfactorily on a full medical r6gime, three were treated by open drainage, and six by resection. Pneumonectomy was carried out in three of these cases in the belief that the abscesses were carcinomatous. These cases deserve special consideration, for they underline the fact that even with all the diagnostic apparatus at our disposal, and the opportunity to palpate the lesion when the chest is opened, diagnosis may still be very difficult.
CASE 1 (No. 6136).-A man aged 50 noticed a bad smell in his breath. This was followed by cough and sputum sometimes yellow, sometimes brownish. He had occasional night sweats and felt ill. Examination showed a thin man, who had recently lost weight. There was no finger clubbing. Rales were heard at the left base and in the axilla. A radiograph showed an abscess 6 cm. in diameter in the anterior segment of the left upper lobe. There was a fluid level, the wall was not very thick, but there was a good deal of surrounding pneumonitis. Bronchoscopy was normal.
The patient ran a low-grade fever; he produced j-1 oz. sputum daily. He had no anaemia; white cell count 9,400 per c.mm. Treatment was postural drainage and 2,000,000 units penicillin daily. After two weeks there was no clinical improvement, and the opacity became denser on radiography. At It will be seen that the tipper lobes of both lungs are most frequently involved (63o%), and it is understandable that some of these cases were mistakenly diagnosed as tuberculous in the early stages. In some cases the lesion occupied the greater part of a lobe. Lateral films were not available in all cases, but in 50 of the 70 cases it was possible to state which pulmonary segm2nt was involved, and this is shown in Table VI . The segments most frequently affected were the posterior segments of the upper lobes and the apical segments of the lower lobes. These areas of the lung are also common sites for tuberculosis and simple lung abscess, and confusion in a few cases was caused on this account.
The abscesses varied very much in appearance. Quite often they were very large, and some of them occupied the greater part of a whole lobe and could aptly be described as giant cavities. The cavity may enlarge quite rapidly, and in one case this phenomenon was mistakenly regarded as ballooning of a tuberculous cavity. In 26 cases the abscess was greater than 7 cm. in either the vertical or horizontal diameter as measured in the postero-anterior or lateral film. For the ptirpose of description we have divided the cases into six groups based on the radiological appearances. viz., abscesses with thick irregular walls, round opacities with central or eccentric cavitation, solid lobes containing a cavity, cyst-like cavities, abscesses with surrounding pneumonitis, and abscesses in a dense, irregular opacity.
(1) ABSCESSES WITH THICK IRREGULAR WALL.--The appearance most commonly encountered is that of a cavity in the lung substance with a dense wall which is sharply defined from the normal appearing lung tissue which surrounds it. The wall is usually thick, but its diameter is irregular, so that it may be quite thin in one aspect but thick in another. In some cases the wall of the abscess is quite thin and regular, but in one part of its contour it shows a marked internal bulge. Perhaps the most characteristic appearance of a carcinomatous abscess is nodulation of the internal contour, and antero-posterior and lateral tomographs are particularly valuable in demonstrating this sign. Sometimes only one nodule is apparent and in a few cases there were spiky projections from the internal contour. The abscess is rounded or oval and one or more fluid levels are usually present.
The density and thickness of the abscess wall are by no means characteristic of carcinoma, however. The wall of a simple lung abscess is usually thin. but in some cases it is just as thick as in the malignant case. In the 30 cases of simple abscess studied for comparison, a thick, dense wall was seen in seven cases, but in only one of these was the internal contour of the abscess wall markedly irregular. Whereas most of the malignant abscesses of this type had a sharply outlined outer mall, the simple abscesses were usually surrounded by a diffuse opacity shading into normal lting tissue. This characteristic appearance of a thick. irregular abscess wall sharply demarcated from normal lung tissue was seen in 27 cases. Most of these were undoubtedly examples of breaking-24 group.bmj.com on October 29, 2017 -Published by http://thorax.bmj.com/ Downloaded from down peripheral carcinomas, but in six cases endobronchial growth was seen at bronchoscopy, and a positive biopsy was obtained in five of these. A diffuse opacity surrounding the abscess or " pneumonitis " was seen in only seven cases, whereas it was present in more than half the cases (17 out of 30) of simple lung abscess.
(2) ROUND OPACITY WITH CENTRAL OR ECCENTRIC CAVITATION.-In 10 cases the appearance was that of a dense, round shadow in the lung showing a central or eccentric area of cavitation. In nine of these cases there were normal bronchoscopic findings. This appearance probably represents an early stage of central necrosis in a peripheral type of carcinoma, for it is the dense, round shadow rather than the abscess which is the striking feature. The average diameter of these round shadows was 6 cm., the smallest lesion being 4 cm. x 4 cm. and the largest 12 cm. x 10 cm. In four of the cases the cavitation was quite eccentric, a feature which Brock (1948a) considers highly suggestive of neoplasm. Several of these cases showed nodular projections of growth into the cavity, and in two cases these projections were joined to each other by irregular bands of tissue running across the cavity. A fluid level was showing in five cases.
A solid, round opacity cavitated in four cases while they were under observation, and two of these are included in this group. The development of cavitation in a previously solid focus is very suggestive of a primary lung cancer, as metastatic neoplasms only rarely break down. A hydatid cyst may produce a similar appearance when partial rupture occurs and some of its contents leak into the bronchial tree, and may be responsible for occasional difficulty in diagnosis.
Probably the most difficult problem is to distinguish this type of lesion from a solid tuberculous focus or tuberculoma which is beginning to break down. Examination showed a healthy-looking man; the temperature was normal, the blood count normal, and the B.S.R. 6 mm. in one hour (Westergren). Radiographs showed a thin-walled cavity with no surrounding infiltration in the apical segment of the right lower lobe. Tomograms merely confirmed that the wall of the cavity was thin and smooth; there was no fluid level. A bronchoscopy was normal, and examination of the sputum for tubercle bacilli confirmed the previous negative findings. A bronchogram was then performed, and this showed a block in the bronchus to the apical segment of the right lower lobe and failure of this segment to fill. It was felt, nevertheless, that the lesion was probably a tuberculous cavity or an infected congenital cyst, and it was decided to carry out a segmental resection. On May 1, 1951, a resection of the apical and subapical segments of the right lower lobe was performed. The specimen showed a distension type of cavity with a smooth wall and a carcinoma arising in the bronchus to the apical segment, causing almost total bronchial obstruction. Histological examination of the endobronchial growth and of the cavity wall showed an epidermoid carcinoma. Ten days later the chest was again opened and a right pneumonectomy was performed. The patient survived the post-operative period and was well when discharged, but it is too early yet to assess the result.
(5) ABSCESS WITH SURROUNDING PNEUMONITIS.
-These cases, of which there were seven, resembled many of the cases of simple lung abscess in that they were surrounded by an area of pneumonitis. Some of these were thick-walled abscesses, showing all the features of the cases described in the first group, except that the outer wall was not discrete; others were thin-walled, and showed as an area of translucency in the midst of a diffuse opacity. No specific treatment was given in 33 cases. Twenty-eight are known to be dead and the date of death was obtained in 26 of them. The average period of survival in these cases was four months from the time of diagnosis and the longest survival was 13 months. Of the surviving five cases, three have been in hospital within the last four months and their fate is as yet unknown. One has survived five and the other eight months, but both are now deteriorating rapidly.
DISCUSSION
The majority of articles on lung abscess deliberately exclude cases of bronchial carcinoma from the study. As the prognosis and treatment are those of the malignant disease rather than the abscess, this is quite reasonable, but it has resulted in a lack of appreciation of the frequent coexistence of these conditions. As Brock (1948b) has emphasized, the most important step in making a diagnosis of carcinoma is to think of it, and this particularly applies in a condition like lung abscess when the evidence of malignancy may be masked. Herbut and Clerf (1946) and Gibbon, Clerf, Herbut, and DeTuerk (1948) on the cytological study of secretions removed at bronchoscopy. The technique of endoscopic sponge biopsy as described by Carter, Nesbit, and Piper (1951) also seems promising in differentiating inflammatory disease from carcinoma. Although we have no direct experience of such investigations, they seem likely to be of great value in the diagnosis of these cases where the bronchoscopic examination itself is so often negative. Thoracotomy should not be unduly delayed, although even when the lung can be palpated the diagnosis may be difficult to make with certainty. The examination of operative biopsies by the frozen section technique confirmed the diagnosis in two cases and might usefully be employed more often.
SUMMARY
This study is based on a series of 70 cases of neoplastic lung abscess. The incidence of cavitation, evident on radiological examination, was found to be 3.6% in 1,930 cases of bronchial carcinoma.
The pathology of the lesion is discussed. Histological examination of the tumour was carried out in 44 cases; 36 of these were found to be of the squamous cell type. 27 group.bmj.com on October 29, 2017 -Published by http://thorax.bmj.com/ Downloaded from C. STRANG and J. A. SIMPSON The clinical picture is described with particular attention to the initial manifestations of the disease, and comparison is made with the clinical findings in a group of cases with simple lung abscess.
Bronchoscopy was performed in all the cases, and on the basis of the findings the cases were divided into two types. Type 1 were cases in which a carcinoma involved a major bronchus with distal abscesses. In Type 2 the findings were essentially negative, and in these cases the abscess appeared to arise by necrosis in a tumour mass. , The radiological appearances are described, the cases being considered in six groups. The resemblance of the lesion to other conditions such as chronic lung abscess, pulmonary tuberculosis, and simple lung cyst is discussed and points in the differentiation from these conditions are described.
The prognosis of the condition is very poor. Pneumonectomy was performed in 13 cases, four of which are surviving one year or more after operation. Lobectomy was performed in four cases, but there are no survivors. The results of deep x-ray therapy were poor. There was no evidence that it prolonged life, and only a few casBs exhibited symptomatic improvement.
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